T cell responses to influenza virus and to allogeneic cells. Approximately one-third of the homosexual donors consistently exhibited weak cytotoxic T lymphocyte (CTL) responses to influenza virus, whereas all of the heterosexual donors generated strong CTL responses to influenza. There was no correlation between the strength of CTL responsiveness to influenza virus and the strength ofCTL responses to allogeneic cells. These results suggest that the influenza-specific CTL response may be a sensitive indicator of immunologic defects in asymptomatic homosexuals. If acquired immune deficiency syndrome results from an infectious agent, it remains to be seen if such immunosuppression predisposes to the infection, or if it reflects early consequences of infection.
Introduction
The acquired immunodeficiency syndrome (AIDS)' was first recognized 21/2 years ago as a distinct entity characterized by the appearance of opportunistic infections and/or Kaposi's sarcoma in previously healthy homosexual men, thus strongly indicating the presence of an unexplained acquired immunodeficiency (1) (2) (3) . Subsequently, a number of populations have been identified as being at high risk for AIDS, including homosexual men (4) (5) (6) (7) (8) , intravenous drug users (6) (7) (8) (9) (10) , Haitians (11) (12) , hemophiliac recipients of Factor VIII concentrates (13) (14) (15) , recipients of multiple blood transfusions (16, 17) , sexual contacts ofAIDS patients, and possibly infant children of AIDS patients (18) (19) (20) . Despite intensive clinical and research efforts, a number of major problems remain unresolved, including identification of the etiologic agent(s), early diagnosis, and the development of an effective therapeutic protocol. The etiologic candidate favored by many investigators working with AIDS is a new infectious agent (21) , possibly a variant T lymphocytotropic virus (22) (23) (24) (25) . Nevertheless, since the immunological abnormalities associated with AIDS are complex, it has been postulated that the syndrome is multifactorial and that cofactors of an infectious or noninfectious nature could either contribute to the induction ofAIDS or to susceptibility to the AIDS agent(s) by reducing immune potential (26) (27) (28) (29) (8, (30) (31) (32) (33) (34) .
In the present study, the following hypothesis was considered: homosexual men with less promiscuous life-styles than most homosexual AIDS patients could nevertheless be immune-compromised, possibly as a result of their sexual practices. If this were the case, analysis of specific immunologic functions of these individuals might detect subtle defects that could not be detected by mitogen-stimulated proliferative responses or by helper/suppressor cell analysis. Therefore, a study of this type might identify particular immune defects in individuals before the onset of AIDS-related symptoms. The ability of peripheral blood leukocytes (PBL) to generate in vitro cytotoxic T lymphocyte (CTL) responses to influenza virus (35) (36) (37) (38) (39) was chosen as an example of specific T lymphocyte immune function because the antiinfluenza CTL response has been investigated in more than 150 normal volunteers over a 5-yr period (35) (36) (37) (38) (39) . Furthermore, influenza viruses are known to be recognized by CTL in association with class I HLA self-antigens (35) (36) (37) (38) , except perhaps for HLA B40 (37) . No HLA haplotype has been identified in which the donor is a genetic nonresponder (38) . The CTL response is both helper T lymphocyte-and accessory celldependent (39) , which indicates that complex cellular interactions that involve a variety of elements are required to generate a CTL response to this virus. The data indicate that the ability to generate in vitro responses to influenza virus is defective in certain individuals among a population of homosexual men who do not exhibit AIDS-related symptoms nor abnormal numbers of OKT4+ and OKT8+ cells. The demonstration of a particular immune dysfunction among individuals from a highrisk group who do not otherwise appear to be at risk are discussed with respect to the possible early detection of AIDS-related functional immune abnormalities in the absence of OKT4/ OKT8 reversals and the identification in a high-risk group of apparently healthy individuals who might be immune deficient.
Methods
Blood donors. Homosexual men from the Washington, DC area were recruited on a volunteer basis (experimental group). Heterosexual men ofthe same age range were recruited as controls from laboratory personnel at the National Institutes of Health (NIH) (control group). Each donor from the experimental and control groups was assigned a number and was subsequently identified in all experiments by this number. Within each experiment, the responses of one or two homosexuals were compared with those of one or two heterosexuals. One pair of homosexual partners was compared (donors 5 and 8) . At the time of this report, each donor has had functional studies performed at least twice during a period from 3 to 18 mo; and, in some cases, up to six independent functional tests have been performed.
Phlebotomy. In each experiment, 100 cm' of whole blood was drawn calculated by the following formula: (experimental release -spontaneous release)/(maximal release -spontaneous release) X 100, as previously described (35, 36) . Standard errors of the mean have been excluded from the data presented here since they were consistently <10%.
Serum antibody tests. Hepatitis B antigen and antibody tests were performed by the NIH Blood Bank. Serum antibody titers to CMV were determined by an indirect immunofluorescence assay (40) . Antibody titers to the viral capsid antigens of EBV were determined by an indirect fluorescent-antibody assay (41) . Serum antiinfluenza A/Bangkok (H3N2) (the same virus used for the CTL testing) antibody titers were assayed by the enzyme-linked immunoassay described previously (42) . 
Results
CTL responses. PBL were sensitized in vitro to influenza virus or HLA alloantigens, and the CTL activity that was generated after 7 d of culture was assayed on 5'Cr-labeled PHA blasts. Uninfected and influenza-infected autologous PHA blasts were used to assay the antiinfluenza CTL responses; and uninfected allogeneic PHA blasts were used to assay for the antialloantigen CTL responses. To date, >70 independent experiments were performed that compared the CTL responses of experimental and control donors. 15 representative experiments are shown in Fig. 1 in which the antiinfluenza responses of one or two The data of the individual experiments shown in Fig. 1 were also pooled and are plotted in Fig. 3 (43) . Therefore, we have analyzed the proportion of OKT3+, OKT4+, and OKT8+ PBL in the control and experimental groups. We present the data in terms of percentage of positive cells in Fig. 5 and in terms of OKT4/OKT8 ratio in Fig. 6 . None ofthe homosexual donors ofthis study exhibited an abnormal T cell subset when compared with our heterosexual controls.
Clinical hematology and serum antibody data. White blood cell counts and differentials were run on 14 ofthe 20 homosexual donors and on 13 of the heterosexual donors at the times their PBLs were tested for CTL function. The mean values of the differentials are summarized in Table II . There were no obvious abnormalities in the differentials of the homosexual donors. Donor 13 appeared to have a high proportion of atypical lymphocytes. Two of the 20 homosexual donors (1, 18) were positive for hepatitis B antigen and 7 were positive for hepatitis B antibody. The sera of the homosexual and heterosexual donors were tested for antibody activity to the same Bangkok strain of influenza A virus that was used in the CTL studies (42) . All donors exhibited serum antibody activity to influenza A, which indicated that they all had been previously exposed to this virus tionnaire which was concerned with medical history and life style. 15 of the 20 donors responded to the questionnaire. Potentially relevant information taken from the questionnaires is summarized in Table III . Particularly noteworthy was the observation that none of the donors would be classified as being currently promiscuous. With one exception (donor 15), none had more than four current sexual partners, although five indicated more than 100 and one more than 1,000 lifetime sexual partners. All but three donors indicated that they had reduced their number of sexual contacts and interactions since learning of AIDS. Details and current frequencies of particular homosexual practices are also shown in Table III as well as current recreational drug usage. No correlation was observed between weak anti-influenza-self CTL responses and age, number of lifetime sexual partners, or drug usage. It is also doubtful that any correlation can presently be made between weak CTL responsiveness and a particular homosexual practice. The number of homosexuals studied may be too small and the frequency of sexual interactions might be too low (i.e., donors 9, 10) to make a strong point. However, we do not know how extensive the sexual practices of these donors might have been before the AIDS epidemic nor the possible long-term immunosuppressive effects of homosexual practices. Concerning details of the recreational drugs used, those donors who indicated that they used drugs had all used nitrate inhalants, some had used marijuana, and a few had used other drugs such as cocaine, but not heroin. No correlation was noted between drug usage and antiinfluenza CTL potential.
Discussion
A number of reports have demonstrated that AIDS patients exhibit a number of severe functional immune defects (1-3, 6, 8) including: (a) deficient delayed-type skin reactions to antigens in vivo (1-3); (b) an inability of PBL to proliferate when stimulated in vitro with mitogens or antigens (1-3); and (c) a deficiency of helper T cell function for in vitro-generated immune responses (44). Other studies have shown that PBL of individuals not diagnosed as having AIDS but at high risk for the syndrome exhibit proliferative defects when stimulated with mitogens (8) and delayed-type skin reactions (32). Most of the studies of immune function in homosexual men reported so far have involved highly promiscuous subjects (43, 45) who had a high rate of exposure to a number of infectious agents. This research studies homosexual men with a less promiscuous and a less active sexual life and was undertaken to determine whether some of the donors would exhibit more subtle functional T lymphocyte immune defects when stimulated with a specific pathogenic immunogen rather than a polyclonal activator such as a mitogen. Most of the participants in this study had from one to four current sexual partners, and the frequency of sexual interaction was considerably less than that of the AIDS highrisk homosexual men (45) . It should be noted that most of the donors that were weak responders to influenza have been bled and retested at least twice during the 18-mo period of this study, and all have been verified to be weak or nonresponders. All donors were typed for HLA-A, -B, -C and many of these donors were also typed for HLA-DR, -MB, -MT antigens (data not shown). There was no correlation between HLA typing and antiinfluenza CTL response. Although this CTL response is under HLA-linked Ir gene control (36) (37) (38) , such regulation is reflected by preferential recognition ofinfluenza in association with particular HLA selfdeterminants and is not detected at the level of recognition of the entire complement of self HLA determinants. On the basis of the criteria of helper and suppressor T cell comparisons and details of sexual activity, the homosexual donors of the present study would not be classified as being particularly at high risk for AIDS, although they would be placed in a high-risk category due to their sexual preference. Our finding that at least onefourth of this population of donors exhibit a selective T cell defect for CTL responses to influenza virus, recognized in association with self-HLA determinants, can be interpreted in one of three ways. Two opposite and extreme possibilities are that these results have nothing to do with AIDS nor with susceptibility to AIDS, or that they are indicative of a very early stage of AIDS. A third possibility, which we consider to be more likely, is that these data identify a subset of donors within a nonpromiscuous group ofhomosexual men whose immune systems are compromised. This in turn could make them susceptible to the AIDS infection(s).
We were unable to establish a significant correlation between weak CTL responses to influenza and particular homosexual practices. The numbers of donors are too small at present to obtain meaningful statistical values. Of the subjects tested, all donors who were weak responders had served in passive roles in anogenital sex, although donors 9 and 10 practiced anogenital sex only infrequently at the time of this study. Responses to the questionnaire provided details of current sexual practice but not details of sexual practices before the outbreak of AIDS. It is possible that the immune-compromised states of some of these homosexual donors could be attributed to a more promiscuous sexual life style before the description of AIDS.
The antiinfluenza CTL response and other immune parameters are being followed prospectively in this population of donors, as well as in homosexual men from two other areas of the United States during the next two years to determine whether any of them develop more severe immune abnormalities and/ or AIDS. In this context it should be noted that one homosexual volunteer in our study (not included in this report) exhibited: (a) no detectable CTL activity to influenza virus; (b) elevated CTL activity to HLA alloantigens; and (c) a decrease in OKT4+ cells. This donor recently contracted Pneumocystis carinii, 10 mo after he entered our prospective study and has been tenetatively diagnosed as having AIDS.
